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The Need for Perspective
in Evidence-Based Medicine

Steven H. Woolf, MD, MPH

PPROXIMATELY 400 000 AMERI-

cans die each year because of to-

bacco use.! This dramatic statis-

tic prompts questions about other risk
factors: How many deaths are due to
physical inactivity, elevated serum lipid
levels, hypertension, and obesity? Know-
ing the answers would help gauge the
relative impact of different preventive
strategies. For instance, if lowering satu-
rated fat and alcohol intake can prevent
breast cancer, would doing so save more
lives than secondary prevention (eg,
mammography screening) or treat-
ment of existing disease (eg, adjuvant ta-
moxifen)? Nearly 900 000 Americans die
each year of heart disease and stroke.?
B-Blockers, aspirin, thrombolysis, an-
giotensin-converting enzyme inhibi-
tors, and warfarin can reduce mortality
rates in these patients by 21% to 33%.>¢
Are efforts to properly administer these
drugs more or less likely to prevent car-
diovascular deaths than getting smok-
ers to quit or controlling hypertension?
This article discusses the importance
of systematically comparing the rela-
tive effectiveness of interventions in pre-
venting disease outcomes. An informa-
tion repository for such comparisons is
lacking in the United States, and deci-
sion makers at the population, clinical,
and individual levels often must choose
between interventions for a disease with-
out knowing which works best. This ar-
ticle proposes a national program to regu-
larly evaluate and report this information.

Priorities in Decision Making

Some might argue that determining
which interventions work best is un-
necessary because all effective inter-
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Research advances are generating a growing body of clinical trial and other
data on the effects of tests and treatments on outcomes, but there is no in-
formation resource within the health care system that systematically puts
that information in perspective. Policy makers, clinicians, and individuals lack
a ready means to compare the relative effectiveness of various interven-
tions in prolonging survival or preventing the occurrence or complications
of a disease: information that is critical in setting priorities. A crude analysis
of preventable deaths suggests that evidence-based primary prevention (get-
ting the population to stop smoking, exercise, lower cholesterol levels, and
control blood pressure) would prevent considerably more deaths per year
than would various evidence-based treatments for cardiovascular disease.
Examining evidence from this perspective calls attention to mismatched pri-
orities—most health care expenditures in the United States go toward treat-
ment of diseases and their late-stage complications and relatively few re-
sources are devoted to primary prevention and health promotion. Similar
analyses at the individual level can help patients put personal options in per-
spective. This article proposes a bibliographic evidence-collection center and
simulation modeling program to estimate potential benefits and harms of
competing interventions for populations and individuals. Such evidence-
based projections would enable policy makers, clinicians, and patients to
judge whether they give due priority to the interventions most likely to im-
prove health. With the steady growth in research data, the need for a sys-
tem that enables society and individuals to put evidence in perspective will
become progressively more urgent.
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ventions should be implemented. How-
ever, limited resources force clinicians,
policy makers, and patients to empha-
size some interventions more than
others.” A mismatch between what is
emphasized and what works best nec-
essarily compromises health out-
comes. However, it is difficult to iden-
tify misplaced priorities without a
reference standard that indicates how
interventions would be prioritized if
health were the only concern.
Optimizing health is surely not the
only concern in making choices; costs,
feasibility, and context also matter.
Which priorities prevail depends on
who is making the decision. Payers and
politicians prefer services that are cost-

effective and popular. Clinicians re-
spond to their patients’ chief com-
plaints. Patients pursue tests and
treatments promoted by family, news
media, and advertisements. It is fair to
set priorities for these reasons, but it is
unwise to do so without knowing
whether (and by how much) health out-
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comes are compromised. Although this
information will not necessarily alter
choices, it is everyone’s right to know
it. Indeed, policy makers have a duty
to consider how their priorities affect
the public’s health.

Unfortunately, valid data for such
comparisons are lacking. The litera-
ture includes countless head-to-head
trials of drugs or procedures, but it pro-
vides no “big picture” comparison of the
net health effect of competing medical
and public health strategies. Such in-
formation is important to popula-
tions, clinicians, and individuals.

At the population level, society can-
not thoughtfully determine which mea-
sures to emphasize without data on their
relative health effects. Which messages
to broadcast to the public, which tests
and treatments physicians should of-
fer, which services insurers should cover,
which performance indicators quality
improvement organizations should
track, and which questions deserve re-
search attention cannot be prioritized in
accordance with public need without
knowing their relative impact on popu-
lation health. For instance, a treatment
that may be 10 times less effective than
another treatment may receive 10 times
as much funding or publicity.

At the clinical level, the shared goal
of all physicians—to optimize pa-
tients’ health—cannot be realized with-
out knowing which interventions are
most likely to achieve that goal. A va-
riety of treatments and systems of care
can improve outcomes.®’ Clinicians,
pressured by health plans and govern-
ment to improve the quality of care for
numerous diseases, cannot optimize ev-
erything at once. To know which qual-
ity improvements a practice should ad-
dress first, clinicians need data on
relative benefits to order priorities ac-
cording to patient needs."

At the individual level, healthy per-
sons need information about relative
effectiveness to rank recommended life-
style changes, screening tests, drugs, and
alternative therapies that they learn about
from physicians, family, the media, and
the Internet. Patients with disease, espe-
cially those faced with multiple treat-
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ment options, want to know the rela-
tive likelihood of benefits and harms to
set personal priorities. Should a person
with diabetes focus first on glycemic con-
trol or on controlling blood pressure and
weight? Glycemic control lowers the
10-year risk of microvascular compli-
cations from 10% to 8%."' By how much
does cardiovascular risk modification
reduce risk?

The irony of the information age and
of evidence-based medicine is that the
means to readily answer such questions
are lacking. There is no shortage of pri-
mary data—thousands of clinical trials
are published each year, summarized in
systematic reviews'? and meta-analy-
ses®—but these reports quantify the ef-
fects of treatments on selected end points.
They tend not to examine data from the
reverse perspective: to take an impor-
tant health outcome and compare the
relative effects of various strategies for
preventing it. For example, meta-
analyses can estimate by how much
mammography® and adjuvant tamoxi-
fen'* each lower breast cancer mortal-
ity, but no information repository ranks
the potential impact of these interven-
tions on breast cancer deaths at the popu-
lation level or on an individual wom-
an’s risk of dying from breast cancer.

Previous Work

Although the burden of disease in the
population is well documented,'° cur-
rent methods for determining which in-
terventions are most effective in ame-
liorating those diseases are rudimentary.
The best priority-setting methods ask
whether a technology satisfies criteria
on a checklist (eg, burden of disease,
effectiveness, cost-effectiveness),!” but
tools are lacking to rank interventions
based on relative effects on health out-
comes. Studies of cost-effectiveness'®
contrast the economic value of inter-
ventions, not which interventions im-
prove health the most.

Only a handful of studies have at-
tempted such comparisons. In the early
1990s, several reports estimated the
number of deaths attributable to modi-
fiable risk factors.'*?! One analysis con-
cluded that the leading causes of death

in the United States (and their annual
mortality figures) were tobacco
(400 000), diet and inactivity (300 000),
and alcohol (100 000).”' (A current ef-
fort ranks clinical preventive services
based on estimated gains in quality-
adjusted life years [Ashley Coffield,
Partnership for Prevention, written
communication, 1999].) These analy-
ses concern primary and secondary pre-
vention, thus providing no compari-
sons with treatments for existing
disease.

A few reports have compared the ef-
fects of prevention and treatment on life
expectancy, often yielding surprising re-
sults.*>** One analysis estimated that
getting a 35-year-old man to quit smok-
ing would improve his life expectancy
by 10 months, but performing bone
marrow transplantation on a patient
with non-Hodgkin lymphoma would
add 72 months.?* The seeming superi-
ority of transplantation says more about
how life expectancy is calculated than
about the treatment’s relative effective-
ness or its impact on public health.
Gains in life expectancy refer to differ-
ences in the area under survival curves,
not to the extra time a patient will live
after treatment.”” When benefits are av-
eraged across individuals, measures that
dramatically reduce mortality for popu-
lations seem to have a more trivial im-
pact than those that markedly in-
crease survival for a small subgroup. To
many, the more practical question is
which intervention is most likely to pre-
vent the occurrence or complications
of a disease or untimely death.

An Examination

of Preventable Deaths

What is the relative impact of primary
prevention, screening, and treatment on
the number of deaths each year in the
United States? For instance, helping
people to stop smoking, exercise, lower
cholesterol levels by 10 percentage
points, and control blood pressure
would prevent an estimated 328 000,
178000, 133 000, and 68 000 deaths, re-
spectively (TABLE 1). Pneumococcal vac-
cination and screening for breast, cer-
vical, and colorectal cancer would each
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prevent an estimated 4000 to 10 000
deaths annually. Cardiovascular treat-
ments (3-blockers and aspirin for acute
myocardial infarction, angiotensin-
converting enzyme inhibitors for con-
gestive heart failure, warfarin for atrial

fibrillation) are estimated to prevent ap-
proximately 3000 to 17 000 annual
deaths.

Similar comparisons on an indi-
vidual level put personal options in per-
spective. Suppose that a 45-year-old

woman, advised by her physician to stop
smoking, to exercise regularly, and to get
a mammogram, makes getting a mam-
mogram her priority because she be-
lieves that early cancer detection is most
likely to prevent her untimely death. As

- ________________________________________________________________________________________________]
Table 1. Projected Outcomes From Population Perspective®

Intervention RRR

Proportion Total
Mortality of Population Deaths
Subcategory at Risk (p) 2)

Preventable
Deaths, No.

Source Data
and Commentst

Smoking cessation 0.59, in

men2®

Primary Prevention: Risk Factor Modification
All-cause 0.25 2239229

328044 p = percentage of persons
= age 18y reporting
current smoking?”

Z = deaths from all causes
among persons = age

25y in 19962

Physical activity (“moderate
sports activity” as defined
by Paffenbarger et al*®)

0.77,in
men2®

All-cause 0.29 2239229

177940 p = percentage of persons
= age 18y reporting no
leisure-time physical
activity®

Z = deaths from all causes
among persons = age
25y in 1996°

Lipid lowering (reduction of 0.89%°
total cholesterol level by

10 percentage points)

All-cause 0.51 2239229

182777 p = percentage of adult
population with total
cholesterol level = 200
mg/dL*®

Z = deaths from all causes
among persons = age
25y in 19962

Blood pressure control (with 0.88°"
high-dose diuretic therapy,

as defined by Psaty et al®')

All-cause 0.23 2239229

68382 p = percentage of persons
= age 18y with
hypertension®?

Z = deaths from all causes
among persons = age

25y in 19962

Pneumococcal vaccine
in persons =65y

0.78%

Primary Prevention: Immunizations
Pneumonia 0.55 74349

9922 p = percentage of persons
= age 65 y reporting to
have never received
pneumococcal
vaccination®

Z = deaths from pneumonia
(ICD-9 codes 480-486)
in persons = age 65y
in 19962

Mammography every 1-2 years
in women =40y

0.73§

Secondary Prevention: Cancer Screening
Breast cancer 0.31 43500

4475 p = percentage of women
= age 40 y who had not
had mammogram in last 2
y, 1996-1997%

Z = estimated cancer-specific
deaths for 1998%

FOBT annually in persons 0.77%

=50y

Colorectal 0.69 56500

cancer

9632 p = proportion of persons
= age 50 y who have not
had FOBT in past year
adjusted for sex distribution
in this age group (45%
male, 55% female)®

Z = estimated cancer-specific
deaths for 1998%

Papanicolaou smears at least
once every 3y in women
=20y

0.09|

Cervical 0.29 4900

cancer

3644 p = percentage of women
aged 21-65 y who had not
had a Papanicolaou smear
in the last 3 years, 19974°

Z = estimated cancer-specific
deaths for 1998%
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shown in TABLE 2, the patient faces a
1.8% probability of dying from breast
cancer before age 75 years. The chance
that mammography will prevent her
death during that time is 0.5% (1 chance
in 205), and the probability that other
screening tests will do so is even lower.
Her life is much more likely to be saved
by primary prevention. Stopping smok-
ing and becoming physically active
would reduce her 30-year risk of dying
by 10.9% (1in9) and 6.1% (1 in 16), re-
spectively. Lipid and blood pressure con-
trol would offer similar benefits. Com-
pared with these lifestyle changes, disease
treatments offer far less benefit.

Policy Implications

The point behind these estimates is not
to suggest that they are necessarily cor-
rect or even the best way to present the
evidence; more rigorous analyses are

PERSPECTIVE IN EVIDENCE-BASED MEDICINE

needed for precise projections, as is de-
tailed below. Rather, the intent is to il-
lustrate the kind of information that the
medical community currently lacks and
how valuable it could be to policy and per-
sonal choices. For example, if these es-
timates are even roughly accurate, then
prevailing priorities for the nation and in-
dividuals are markedly askew. To save the
mostlives, clinicians, health plans, insur-
ers, and researchers should be concen-
trating their resources on helping people
to stop smoking, exercise regularly, lower
lipid levels, and control blood pressure.

Yet in practice, the opposite occurs.
Most dollars spent on health care in the
United States go toward treating ad-
vanced disease, often late in life.”® Only
3% of health care expendituresis devoted
to prevention.” Health promotion and
primary prevention receive relatively
little attention in patient care,”* medi-

caljournals (S.H.W., unpublished data,
1999), health insurance coverage,” re-
search,”and medical news reports. True
to the “rule of rescue,”*® society focuses
onindividuals with diseases rather than
on preventing those diseases.
Agreement with the dataand policyide-
ology presented herein is less important
than the underlying principle: a reliable
method for comparing and contrasting
the effectiveness of interventions in
achieving health outcomes is needed to
properly evaluate priorities. Lacking this,
the most basic of questions—are we do-
ing the things that help people the
most?>—cannot be answered. Clinical tri-
als and meta-analyses do not, by them-
selves, provide the answer. Data such as
those in Tables 1 and 2 begin to clarify
the price paid for misplaced priorities in
lost lives and health, but greater precision
is necessary if such data are to inform

- __________________________________________________________________________________________________]
Table 1. Projected Outcomes From Population Perspective™ (cont)

Proportion
Mortality of Population Total
Intervention RRR Subcategory at Risk (p) Deaths (Z)

Preventable
Deaths, No.

Source Data
and Comments

Tertiary Prevention: Early Treatment of Cardiovascular Disease

Use of ACE inhibitors 0.69° Congestive 0.69 46484 11000 p*!; Z = deaths from congestive
in patients with heart failure heart failure (/CD-9 code 428),
congestive heart failure 1995%

Use of B-blockers 0.75° Myocardial 0.26 213448 17023 p = patients = age 65 y without
during/after acute infarction contraindications discharged
myocardial infarction by from hospital after myocardial
patients who lack infarction without prescription
contraindications for B-blockers*

Z = deaths from acute myocardial
infarction (/CD-9 code 410) in
persons = age 25 y?

Use of aspirin 0.799  Myocardial 0.19 213448 10365 p = percentage of “ideal” patients
during/after acute infarction with acute myocardial infarction
myocardial infarction discharged from nonpilot
by patients who lack hospitals without prescription
contraindications for aspirin, 1995%

Z = deaths from acute myocardial
infarction (/CD-9 code 410) in
persons = age 25 y?

Use of warfarin by patients 0.67° Cerebrovascu- 0.60 14983 3418 p*® (denominator is ambulatory

with atrial fibrillation who lar disease visits by patients with atrial

lack contraindications

fibrillation without reported use
of warfarin, 1996 National
Ambulatory Medical Care
Survey)*©

Z = stroke deaths for 1996,%
multiplied by 0.094
(population-attributable risk of
strokes due to atrial fibrillation”)

*RRR indicates relative risk reduction associated with the intervention; Cl, confidence interval; ICD-9, International Classification of Diseases, Ninth Revision; FOBT, fecal occult

blood testing; and ACE, angiotensin-converting enzyme.

tPreventable deaths = Z (p) ([1 = RRR])/(RRR + p [1 — RRR]). p indicates proportion of eligible population that has not received the intervention; Z, number of deaths potentially

preventable by the intervention.

FThe RRR is derived from a pooled effect in a meta-analysis, which was not statistically significant (95% Cl, 0.57-1.06).%
§The RRR is derived for women aged =50 years (effect size for women 40-49 years is uncertain).®
|The RRR for cumulative incidence of invasive cervical cancer in women aged 20-64 years, from pooled observational data.*
{The RRR is derived from a pooled effect on vascular deaths from antiplatelet therapy.*
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need look no further than the methods
used to generate the estimates in Tables
1 and 2. Population projections (Table
1) were derived by multiplying the num-
ber of deaths potentially preventable by

Uncertainties Surrounding
Estimates

Any such effort would encounter formi-
dable methodologic problems. To appre-
ciate the breadth of the challenge, one

rather than mislead. Sophisticated and up-
dated analyses (rather than the crude es-
timates in thisand prior reports) and ready
access to this information by policy mak-
ers, clinicians, and patients are required.

]
Table 2. Probability of Benefit From the Perspective of a 45-Year-Old Woman*

30-Year
Probability of

Death Without 30-Year
Intervention Probability of
(Mortality Death With Absolute
Intervention Subcategory), % RRR Intervention, % Difference, % NNT Source Data and Comments
Primary Prevention: Risk Factor Modification
Smoking cessation 26.7 (from 0.59, 15.8 10.9 9 30-year probability developed from
all causes) for men?® survival calculations using age-
(oy decile) and sex-specific data?
Physical activity (‘moderate  26.7 (from 0.77, 20.6 6.1 16 30-year probability developed from
sports activity” as defined all causes) for men® survival calculations using age-
by Paffenbarger et al?®) (oy decile) and sex-specific data?
Lipid lowering (reduction of ~ 26.7 (from 0.89% 23.8 2.9 34 30-year probability developed from
total cholesterol level by 10 all causes) survival calculations using age-
percentage points) (oy decile) and sex-specific data?
Blood pressure control (with  26.7 (from 0.88% 23.5 3.2 31 30-year probability developed from
high-dose diuretic therapy, all causes) survival calculations using age-
as defined by Psaty et al®") (oy decile) and sex-specific data?
Primary Prevention: Immunizations
Pneumococcal vaccine 0.6 (from 0.78%t 0.5 0.1 716 30-year probability derived from
beginning at age 65 years pneumonia) reference 2, not adjusted for sex
Secondary Prevention: Cancer Screening
Mammography every 1-2 1.8 (from 0.73"3t 1.3 0.5 205 30-year probability developed from
years breast cancer) survival calculations using age-
(oy decile) and sex-specific data?
FOBT annually beginning at 0.9 (from 0.77% 0.7 0.2 453 30-year probability developed from
age 50 years colorectal survival calculations using age-
cancer) (by quintile) and sex-specific
SEER data, 1991-1995%
Papanicolaou smear at least 0.2 (from 0.09%°1 0.0 0.2 578 30-year probability developed from

once every 3 years

cervical cancer)

survival calcuations using age-
(by quintile) and sex-specific
SEER data, 1991-1995%

Tertiary Prevention: Early Treatment of Cardiovascular Disease

Use of B-blockers 3.3 (from heart 0.75° 2.5 0.8 120 30-year probability developed from
during/after acute disease) survival calculations using age-
myocardial infarction by (by decile) and non—sex-specific
women who lack data for acute myocardial
contraindications infarction (/CD-9 codes 390-398,

402, 404-429)?

Use of aspirin during/after 3.3 (from heart 0.79%t 2.6 0.7 143 30-year probability developed from
acute myocardial infarction  disease) survival calculations using age-
by women who lack (by decile) and non—sex-specific
contraindications data for acute myocardial

infarction (/CD-9 codes 390-398,
402, 404-429)?
Use of warfarin by women 0.2 (from stroke) 0.67°¢ 0.1 0.1% 2014 30-year probability developed from

with atrial fibrillation who
lack contraindications

survival calculations using age-
(by decile) and sex-specific data
for cerebrovascular disease
(ICD-9 codes 430-438)*

*NNT indicates number needed to treat, the reciprocal of the absolute difference between the probabilities (NNT is the number of 45-year-old women who would need to undergo
the intervention to prevent a death before age 75 years); RRR, relative risk reduction associated with the intervention; Cl, confidence interval; FOBT, fecal occult blood testing;
SEER, National Cancer Institute’s Surveillance, Epidemiology and End Results Cancer Registry Program; and ICD-9, International Classification of Diseases, Ninth Revision.

TSee corresponding footnotes to Table 1.
FValue rounded up from 0.0497%.
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the intervention by the preventable frac-
tion. The preventable fraction is defined
by the formula (p[1-RRR])/(RRR +
p[1-RRR]),”" where p s the proportion
of the eligible population that has not
yet received the intervention and RRR
is the relative risk reduction associated
with the intervention.

The probability that an intervention
would prevent a 45-year-old woman
from dying before age 75 years (Table
2) is the absolute difference between the
30-year cumulative probability of death
with and without the intervention. The
latter was derived from a standard sur-
vival calculation for a hypothetical co-
hort of 45-year-old women, using the an-
nual mortality rates specified in Table
2 to estimate both the number of women
entering successive years and cumula-
tive death rates. The cumulative death
rates were multiplied by the RRR val-
ues in Table 1 to derive the 30-year prob-
ability of death with the intervention.

This approach has its limitations. For
example, the preventable fraction formula
makes the statistical assumption that risk
reductions occur equally and indepen-
dently to all who receive the intervention
and not at all to others.”® This is untrue
for many interventions. Moreover, each
component in the formula is imprecise.

Relative Risk Reductions. Although
each RRR value was taken from a major
meta-analysis or clinical trial, data from
a particular study apply only to certain
conditions, are surrounded by wide con-
fidence intervals, and differ from other
reports. Most data come from random-
ized trials, but some are from observa-
tional studies. The rates are incidence-
based but are used cross-sectionally. The
RRRisapplied equally to all persons who
die of the disease, although all deaths are
not equally preventable. The analysis for
the 45-year-old woman presumes thatin-
terventions are delivered and prevent
death at the same rate for 30 years. Some
rates are forall-cause mortality, while oth-
ers are for disease-specific deaths. The
modelis binary, but health effects are con-
tinuous. Table 1 assumes, for example,
that exercise prevents deaths only for sed-
entary persons, yetall persons benefit to
some degree from more intense activity.”

©1999 American Medical Association. All rights reserved.
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Estimates assume complete adher-
ence to study conditions, and the pro-
jections for primary prevention as-
sume that the population is 100%
successful in changing behavior. Simi-
larly, the calculation for the 45-year-
old woman assumes complete adher-
ence to treatment. Projections based on
such optimistic assumptions give policy
makers and individuals an upper
boundary of what is possible but are un-
realistic unless bounded by estimates
using current compliance rates. Opti-
mal trial conditions (efficacy) misrep-
resent the real world (effectiveness),
where variations in clinician skills, the
intensity and duration of interven-
tions, patient adherence, and local re-
sources influence outcomes.

Proportion of Population at Risk (p).
Data on the proportion of persons who
have notreceived interventions are also
elusive. The rates vary by age, race, so-
cioeconomic status, insurance coverage,
and access to care. Estimates for some
interventions (eg, cardiac drug therapy)
derive from studies in selected settings,
vary widely, and often measure adher-
ence momentarily (eg, at hospital dis-
charge) rather than over the long-term.

Total Deaths (Z). For interventions
that reduce all-cause mortality, the
model defines total deaths (Z) as the
number of deaths in the United States
among persons aged 25 years or older.
For interventions that achieve a reduc-
tion in a specific type of death, the num-
ber of cause-specific deaths in the popu-
lation that could potentially benefit from
the intervention was used. Such choices
force implicit assumptions about cau-
sality. For example, counting deaths in
persons aged 25 years or older as po-
tentially preventable by smoking cessa-
tion assumes that smoking causes death
within a decade of exposure.

Using annual deaths to contrast in-
terventions also is controversial. Thatan
intervention prevents a death does not
clarify at what age death occurs, for how
long death is averted, or the quality of
life remaining.** Measuring only mor-
tality ignores illness, injuries, and emo-
tional disorders. To many, quality-
adjusted life years or cost-effectiveness

information is more meaningful. Fur-
thermore, historical context is ignored
by the model’s reliance on current death
rates. For example, Papanicolaou screen-
ing appears to save relatively few lives,
because the current death rate from
cervical cancer is relatively low (3.4/
100 000).* Four decades ago, before Pa-
panicolaou screening, the death rate was
more than 10 in 100 000.%

Other Issues. Interventions are de-
fined inconsistently across data sources.
For instance, lipid lowering can refer to
diet or drug therapy, to different lipid
fractions, and to different end points (av-
erage population level, relative reduc-
tion in levels, proportion of population
below a fixed value). The best data for
each component of the calculation may
come from different populations. For the
mammography calculations (Table 1),
the values for total deaths (Z) encom-
pass all age groups, the values for RRR
come from women aged 50 to 69 years,
and the values for proportion of the
population at risk (p) come from women
aged 40 years or older.

Table 1 makes the best case for treat-
ments by examining the leading cause of
death, cardiovascular disease, and by
evaluating treatments that reduce mor-
tality for that disease by large percentages
(21%-33%). The number of lives saved
by treatments for less common causes of
death (eg, acquired immunodeficiency
syndrome) would be lower. In Table 2,
projected benefits of treatments, averaged
across all 45-year-old women, are smaller
than would be expected for women with
extantdisease. The chances thata 45-year-
old woman will have an acute myocar-
dialinfarction before age 75 years and that
B-blockers will prevent her death is 0.8%
(1in 120) (Table 2), but a patient who
has had an acute myocardial infarction,
who faces a 13% probability of dying
within 1 year,” hasa3.2% probability (1
in 31) of averting death if given a
B-blocker when discharged from the hos-
pital (assuming RRR = 0.75).?

Proposal for a National Program
for the Synthesis of Evidence
These daunting problems are solvable.
Well-designed simulation models can in-
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corporate complex variables and permit
users to examine projections and con-
ductsensitivity analyses from whatever
perspective they wish. Each user can
specify outcome measures (eg, deaths
averted, quality-adjusted life expectancy,
cost-effectivenessratio), populations and
risk profiles, type and intensity of inter-
ventions, magnitude of risk reduction,
and degree of patient adherence. The
model can format projections to accom-
modate different users, whether they be
officials making decisions for populations
orindividuals (and their clinicians) mak-
ing choices for themselves.

Mathematical models are imperfect:
they cannot replace real observation and
are always subject to criticism, but even
approximations of relative effective-
ness are better than guesswork. There
are precedents for using simulation
models in public policy (eg, weather
forecasting, air traffic control). To date,
their application in health care has been
limited,® but some work has been done
with heart disease®® and in priority set-
ting for US communities®* and Euro-
pean countries. !>

An evidence analysis service that pro-
jected the outcomes of competing
health interventions based on the most
recent data would have value to policy
makers, clinicians, and individuals.
Policy makers (eg, legislators, health
plans, research funders) could use the
projections for more rational resource
allocation. The data could enlighten de-
bates on priorities in government and
managed care, testimony on Capitol Hill
and in statehouses, and public dis-
course in press conferences and news
reports. Including socioeconomic vari-
ables in the model would permit policy
makers to contrast the benefits of in-
vesting in medical care with broader so-
cial policies affecting education, job se-
curity, housing, and the environment.

At the clinical level, data projections
could be used in decision aids and soft-
watre to help clinicians and patients com-
pare the likely effects of interventions.
At the individual level, projections could
be presented in lay print media, broad-
casts, and Web sites, enabling both
healthy persons and patients to com-
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pare the relative importance of medical
and self-care interventions.

To achieve credibility and viability, the
data resource must be scientifically rig-
orous, impartial, sustainable, and user-
friendly. To achieve scientific rigor, the
effort must involve multiple disciplines
(simulation modeling, operations
research, systems analysis, epidemiol-
ogy, statistics) to solve inherent meth-
odologic problems. The simulation
model would need to import data from
an evidence warehouse, accommodate
multivariate assumptions specified by the
user, and export projections in formats
suitable for the intended audience.

A bibliographic data warehouse to
maintain and organize evidence for the
model could map studies to a relational
database that features links between out-
comes (eg, diabetic retinopathy) and re-
lated interventions (eg, glycemic control,
laser therapy). Users seeking evidence
about the outcomes of an intervention or
interventions that affect an outcome
would be taken directly to the key stud-
iesat thatlinkage. Such a database would
be more “intelligent” than conventional
search tools (eg, MEDLINE), which find
studies by matching words and index
terms. The speed and specificity of such
a system would have broad appeal; cli-
nicians and policy makers have great need
for quick access to current data on the ef-
fects of interventions.

Impartiality must be safeguarded if the
dataare to be trusted. Model projections
will favor some interventions more than
others, potentially threatening or en-
hancing some commercial and profes-
sional interests. Sponsors and investi-
gators should have no perceived gain in
downgrading costly services (eg, payers)
or promoting products (eg, pharmaceu-
tical companies). The methods, biblio-
graphic data warehouse, and simulation
model should be nonproprietary and ac-
cessible in the public domain (eg, un-
restricted Internet access).

The project would require a sustain-
able infrastructure (governance rules,
partner agreements) to remain viable.
The costs of the effort would require a
stable funding source committed to
long-term operation, such as a foun-

dation or government agency that
lacked a vested interest in the out-
come of the specific projections. Ulti-
mately, the project must generate use-
ful end products, with materials
developed by different professionals for
diverse audiences: policy and commer-
cial analyses for legislatures and health
plans, detailed data for medical jour-
nals, press releases for news media, of-
fice tools for busy clinicians, lay mate-
rials that present data understandably,
and software and Internet services.

Such an ambitious project cannot be
launched at once. It must be phased in,
beginning with exploratory methods
work and a gradual expansion of ana-
lytic capabilities and infrastructure. Ini-
tial reviews should be limited in scope
to certain health interventions (eg, pre-
ventive services) and outcome mea-
sures (eg, mortality) for pilot testing.
But the need to begin is paramount.
That such a system is lacking and that
societal and personal priorities must
be set without knowing the conse-
quences is unsettling. Evidence-based
medicine has provided a solid founda-
tion—much more is known about the
effects of individual interventions—
but it is now time to establish systems
to organize the wealth of evidence and
putit in perspective. With the escalat-
ing growth in research, the need for bet-
ter organization of evidence will only
become more urgent.
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